We have produced the next generation of quasar spectral energy distributions (SEDs), essentially updating the work of Elvis et al. (1994) by using high-quality data obtained with several space and ground-based telescopes, including NASA's Great Observatories. We present an atlas of SEDs of 85 optically bright, non-blazar quasars over the electromagnetic spectrum from radio to X-rays. The heterogeneous sample includes 27 radio-quiet and 58 radio-loud quasars. Most objects have quasi-simultaneous ultraviolet-optical spectroscopic data, supplemented with some far-ultraviolet spectra, and more than half also have Spitzer mid-infrared IRS spectra. The X-ray spectral parameters are collected from the literature where available. The radio, far-infrared, and near-infrared photometric data are also obtained from either the literature or new observations. We construct composite spectral energy distributions for radio-loud and radio-quiet objects and compare these to those of Elvis et al., finding that ours have similar overall shapes, but our improved spectral resolution reveals more detailed features, especially in the mid and near-infrared.
INTRODUCTION
The supermassive black holes powering quasars (or active galactic nuclei (AGN)) do not themselves shine. It is the heated material surrounding the black holes that emits the radiation signatures of quasars. These signatures include broad emission lines characteristic of high-velocity gas moving at thousands of kilometers per second, and extremely high continuum luminosity in excess of that of entire galaxies. Continuum emission is seen in all parts of the electromagnetic spectrum from the highest energies (gamma rays and X-rays) to the lowest (radio waves). The power emitted is similarly high, within an order of magnitude or so, over much of this range, although there can be significant variation from quasar to quasar.
There are no single states of matter or single processes capable of reproducing the spectral energy distribution (SED) of a quasar. A combination of both thermal and non-thermal processes has been invoked to explain, at different parts of the SED, the emission from gas in a variety of states, at a variety of temperatures, at a variety of distances, and experiencing a variety of environments. Quasars seem to have many different components that are expressed in different parts of the electromagnetic spectrum.
So what are the components of the quasar? The central supermassive black hole is the ultimate engine, allowing the liberation of gravitational potential energy. The primary source of electromagnetic emission is likely an accretion disk formed of hot gas spiraling into the black hole and shining in the optical through ultraviolet (UV). A hot atmosphere upscatters the disk photons to X-ray energies. A jet shooting out from the inner accretion disk emits synchrotron radiation, dominating radio emission and sometimes higher energies. An obscuring torus of relatively cool gas and dust, heated by photons from the accretion disk, thermally radiates in the near-infrared (NIR) and mid-infrared (MIR). The far-infrared (FIR) part of the SED comes from cooler dust, perhaps distributed throughout the host galaxy, that may be heated by stars rather than the quasar itself. Other regions in and among these continuum-emitting parts are responsible for the prominent emission lines present in quasar spectra. The details of all these parts, mechanisms, and their relationships are not yet completely understood, because multi-wavelength data to further our understanding have been difficult to gather.
Multiwavelength astronomy is challenging. No single telescope can observe at all wavelengths. Many parts of the electromagnetic spectrum cannot penetrate the Earth's atmosphere and require space-based observations. Quasars are variable and this means that simultaneous or nearly simultaneous observations are desirable, at least in some parts of the spectrum. Different technologies have different sensitivity levels and what may be an easily observed target at one wavelength may be difficult to detect at another.
There were a number of pioneering works on quasar SEDs in the 1980s (e.g., Edelson & Malkan 1986; Ward et al. 1987; Kriss 1988; Sanders et al. 1989; Sun & Malkan 1989) . In the 1990s, Elvis et al. (1994, hereafter E94) established the first large, high-quality atlas of quasar SEDs. The timing of their work was predicated on the launch of several space-based telescopes, notably IRAS in the mid to far infrared, IUE in the UV, and Einstein in the X-rays, that for the first time provided observations of large numbers of quasars in these wavebands. They established the differences between the SEDs of radio-loud (RL) and radio-quiet (RQ) quasars. They also characterized the variance of quasar SEDs, which is rather substantial, and explored the problem of bolometric corrections.
Since the work of E94, there have been several significant investigations of quasar SEDs (e.g., Kuraszkiewicz et al. 2003; Risaliti & Elvis 2004) . Richards et al. (2006) is the largest that covers the entire electromagnetic spectrum, including data from the Sloan Digital Sky Survey and Spitzer, supplemented by near-IR, GALEX ultraviolet, VLA radio, and ROSAT X-ray data, where available. One of their key findings was again the wide range of SED shapes, and how assuming a mean SED can potentially lead to errors in bolometric luminosities as high as 50%.
Other investigations of SEDs have focused on subclasses, like broad absorption line (BAL) quasars (e.g., Gallagher et al. 2007 ), 2MASS red quasars (Kuraszkiewicz et al. 2009 ), hard X-ray selected quasars (Polletta et al. 2000 (Polletta et al. , 2007 , or on individual objects (e.g., Zheng et al. 2001 ). More detailed SED work has been done on limited portions of the entire electromagnetic spectrum, such as the optical-X-ray (e.g., Laor et al. 1997) , the FIR to optical (e.g., Netzer et al. 2007 ), or optical/UV to X-ray (Grupe et al. 2010 ).
There has also been work looking for relationships among more detailed spectral features, like emission lines and SEDs. Wilkes et al. (1999) , examining 41 quasars with SED information, for instance, found a variety of Baldwin effects (Baldwin 1977) , anticorrelations between emission-line equivalent width and UV luminosity, as well as some correlations between properties of Fe II and C IV emission lines and the ratio of the optical to X-ray luminosity. Schweitzer et al. (2006) and Netzer et al. (2007) studied Palomar-Green quasars with FIR to optical data and confirmed that most FIR radiation is due to star-forming activity. However, Netzer et al. (2007) also argue, based on a correlation between L(5100Å) and L(60µm), an alternative view that a large fraction of FIR radiation could result from direct AGN heating.
Ideally what one would like in studying quasars is a complete inventory over all time and all directions of all photons emitted. The best we can do now is to obtain spectrophotometric snapshots, close in time, of some spectral regions, supplemented by photometry in other accessible wavebands, from our particular line of sight toward a quasar. The technology has improved since the 1990s, with spacecraft such as HST, Chandra and XMM, and Spitzer replacing IUE, Einstein and ROSAT, and IRAS, respectively. This atlas is meant to update the last decade's work with a modern set of quasar SEDs using the next generation of telescopes and instruments. Whenever possible we have striven to use high-quality spectrophotometry in addition to photometry, which will enable investigations like those of Wilkes et al. (1999) . One hope is that spectral features will be found that correlate with SEDs and allow their shapes to be determined without the need for complete multi-wavelength observations. Any correlations found should provide deeper insight into quasars. We plan additional papers based on this data set performing various types of investigations, as well as addressing both observational and theoretical aspects of bolometric corrections.
In the next section ( §2), we describe our sample, which is composed of three subsamples that have excellent quasi-simultaneous optical through UV or far-UV (FUV) spectrophotometry serving as a starting point for SED construction. We then describe the sample properties. Subsequent sections describe the data ( §3), starting with about 100 MHz radio and moving to higher energies to about 10 keV X-ray. We then discuss corrections to the SEDs, such as Galactic dereddening and host galaxy removal ( §4). In §5, we present the SEDs for our quasars individually, then as composites for radio-loud and radio-quiet subsamples, which are known to differ significantly. We then discuss the properties of the SEDs, and compare our composites with those of E94. We finish this paper with a summary of these results, future plans, and some concluding remarks ( §6).
SAMPLE
In the past, in order to study the optical and ultraviolet properties of quasars, we embarked on several programs of obtaining quasi-simultaneous spectrophotometry utilizing various ground and space-based telescopes. As this is a challenging endeavor, and the data we obtained were of high quality, we began the construction of SEDs with these samples, adding data at longer and shorter wavelengths. For convenience, we refer to our three subsamples by the abbreviations PGX, FUSE-HST, and RLQ. These subsamples are described below, and Table 1 provides our combined SED sample of 85 objects and their basic properties.
Several objects in the FUSE-HST subsample are also in the other two subsamples and there may be repeated observations in UV and/or optical. We choose to analyze the data with the FUSE-HST subsample because of their higher quality.
PGX
The "PGX" sample consists of 22 of 23 Palomar-Green quasars in the complete sample selected by Laor et al. (1994 Laor et al. ( , 1997 from the Bright Quasar Survey (BQS; Schmidt & Green 1983) . Interested in observing the soft-X-ray regime using bright quasars, Laor et al. (1994 Laor et al. ( , 1997 started with the ultraviolet-excess selected BQS and added the restrictions that z ≤ 0.4 and Galactic H i column density N HI < 1.9 × 10 20 cm −2 . We obtained low-resolution ultraviolet spectra with HST and conducted quasi-simultaneous ground-based observations at McDonald Observatory, usually within a month. Shang et al. (2007) provide additional details and constructed the UV-optical SEDs for this sample.
FUSE-HST
The "FUSE-HST" sample originates with the FUSE AGN program (Kriss 2000) , which surveyed more than 100 of the UV-brightest AGNs. About 20 of these were also observed in an HST spectral snapshot survey with sufficient signal-to-noise ratio during 1999-2000. The FUSE observations were scheduled as close in time as possible with the HST snapshot observations, and ground-based optical spectra were also obtained during the same period at Kitt Peak National Observatory (KPNO). We exclude a few objects because of the lack of an optical spectrum (NGC 3783, low declination), very strong host galaxy contamination (NGC 3516), or strong variability (NGC 5548, also no simultaneous HST spectrum). Our final FUSE-HST sample includes 17 objects with quasi-simultaneous spectrophotometry extending to the FUV and covering rest wavelength from 900-9000Å. This is a heterogeneous sample with low redshift (z < 0.5). Shang et al. (2005) provides additional details.
RLQ
The "RLQ" sample originates with an early HST program to observe a large sample of radioloud quasars selected to have a small range in extended radio luminosity, a property thought to be isotropic. Limitations of HST discovered after launch required adjustments to the sample and brighter objects were substituted for fainter ones. Over the course of four cycles, HST targeted nearly 50 quasars. Quasi-simultaneous optical spectrophotometry was obtained at several observatories, primarily McDonald Observatory and KPNO. Wills et al. (1995) and Netzer et al. (1995) provide additional details of the sample. A number of the radio-core dominant quasars are blazars, with optically violent variability due to synchrotron emission from a beamed jet. We have excluded these blazars from the sample based on rapid optical variability as we regard this component as a major complication in determining intrinsic and uniform SEDs for comparison.
Sample Properties
In order to summarize the properties of the combined sample, we have plotted some histograms (Fig. 1) . We have distinguished radio-loud and radio-quiet quasars using radio-loudness calculated with our data. We have also measured the redshift and 3000Å rest-frame continuum luminosity of the sample. Details are provided in §4.3.
Of the 85 objects in the final sample, there are 27 RQ and 58 RL quasars. All RQ quasars are from either PGX or FUSE-HST subsamples, having redshift less than 0.5. Most RL quasars are from the RLQ subsample and more than half of the RL quasars have redshift larger than 0.5.
Both RL and RQ samples span about 2 orders of magnitude in luminosity. The RL sample has an average luminosity about 6 times higher. These properties reflect the original selections of the subsamples.
We emphasize that as a whole, this sample is representative of UV/optical-bright quasars, both radio-loud and radio-quiet, but is not statistically complete or well-matched. Particular subsamples may be appropriate for general statistical studies and comparisons only if care is taken in their selection.
DATA
We collected both photometry and spectroscopy data for this work. Many data were obtained with space telescopes, including HST, FUSE, Spitzer, Chandra, and XMM. This ensures the unprecedented quality of the SEDs. Figure 2 shows two examples of our objects, marked with wavebands and instruments used to obtain the data. These will be discussed in detail in the following sections.
Most of the data were obtained between 1991 and 2007 except for some archival radio data which were obtained much earlier (see Table 2 for details). However, the problem of AGN intrinsic variability can be neglected statistically for the SED work, especially with regard to some portions (e.g., infrared) which have only very long timescale variation. Moreover, the FUV-UV-optical spectra of our sample were mostly obtained quasi-simultaneously, within weeks, specifically minimizing this problem.
Before we combine data from different bands to construct the SEDs, we applied two corrections: host galaxy correction in the near-IR ( §4.1) and Galactic reddening in the FUV-UV-optical spectra ( §4.2). We also derived some sample properties from the data set ( §4.3).
Radio
We collect radio data for the sample from archives of high-quality surveys and some data from the literature. Table 2 lists all the references. We choose the frequency range from 74 MHz to about 15 GHz, where most objects have observations. We include surveys of similar frequencies (e.g., 325 and 365 MHz; 4850, 4890, 4990 , and 5000 MHz) in order to maximize the number of objects with available observations in a similar frequency range.
The total fluxes at each frequency are listed in Table 3 and used in the SED construction and analysis. When a survey or an observation resolves the core and lobes, we make sure to get the total flux by including all the components. In doing so, we check the positions of each component and take advantage of the higher resolution map (5 ′′ ) of FIRST survey for comparison. At 1400 MHz, we use the total flux density from NVSS in preference to that from FIRST for all but three objects (IRAS F07546+3928, Mrk 506, and PG 1115+407) that are not included in the NVSS catalog. NVSS has a spatial resolution comparable to other major radio surveys we use, and generally includes all the radio flux, while FIRST resolves many sources into multiple regions of emission. We did check the FIRST images and collected the measurements for each object, which, when the pieces are summed, give results consistent with those from NVSS.
Most radio-quiet objects are not detected in the radio surveys, which can provide only an upper limit. We therefore search the literature to obtain at least one detection from individual studies.
Far-IR
Far-infrared photometry at 24, 70, and 160 µm from Multiband Imaging Photometer for Spitzer (MIPS, Rieke et al. 2004 ) is available for 50 objects in our sample (Table 4 ). In addition to archive data, we obtained new data explicitly for this study. All these observations were made with MIPS photometry mode.
We perform aperture photometry on each object (point source) in all three bands and apply corresponding aperture corrections based on the aperture radius and sky annulus sizes listed in the MIPS Instrument Handbook. Although the MIPS handbook quotes a 10% flux calibration uncertainty for bright sources, the photometry uncertainties can be up to 16% for 24µm, 40% for 70µm, and 60% for 160µm for the faint objects in our sample. Moreover, several objects are not detected at the 160 µm and we estimated a 3σ upper limit for them, where σ is the standard deviation of the sky background around the source position.
Mid-IR
The mid-infrared spectroscopy from the Spitzer Infrared Spectrograph (IRS, Houck et al. 2004; Werner et al. 2004) were obtained for 46 objects from both archival observations and new observations made for this study. We use data from 4 low-resolution modules covering observed wavelengths from 5-40µm.
Since all our objects are essentially point sources, we obtained the spectra from standard postbasic calibrated data (PBCD) products. Before we combined individual segments from different wavebands, we removed flagged data points and obvious spurious points at the edges of detectors. The final spectra are shown in Figure 3 , covering rest wavelength from about ∼ 3 − 35µm for the redshifts of our sample. The spectrophotometric calibration uncertainty is within 15%, and this is also verified with our 24µm photometry of MIPS. 
Near-IR
We rely on 2MASS photometry in the near-infrared (Skrutskie et al. 2006) , supplemented by our own observations with NASA's IRTF 1 and the Hubble Space Telescope. The 2MASS pointsource catalog has 79 members of our sample. Table 5 provides magnitudes derived from both point-source profile fitting and aperture photometry from 2MASS, along with a flag (ext) that indicates the source is also listed in the 2MASS extended source catalog and then the aperture magnitudes are obtained from there instead. For objects only in the 2MASS point source catalog, the apertures are 4 ′′ in radius, while for objects in the extended source catalog the apertures are 14 ′′ in radius.
In the absence of additional information, we use the 2MASS point source profile fitting magnitudes as the AGN magnitudes, but in many cases we can do better than this. Using host galaxy measurements, we estimated and subtracted the host galaxy contribution to obtain AGN magnitudes as described in § 4.1.
Near-UV -Optical
We have UV-optical spectrophotometry for all the objects from our previous studies (Wills et al. 1995; Netzer et al. 1995; Shang et al. 2005 Shang et al. , 2007 . We follow the general observing and data reduction procedures to obtain the spectra. We give a brief summary here.
The optical spectra were obtained from ground-based telescopes in long-slit mode. They were re-analyzed in a consistent way for all the three subsamples. The host galaxy contribution was checked carefully and removed as much as possible when extracting the spectra. The host contribution can only significantly affect the red part of the optical spectra and we used different aperture sizes to verify that the host galaxy contamination in the final spectra is undetectable. For several higher redshift objects in the RLQ sample, we also obtained near-IR spectra from UKIRT to cover the important rest-frame Hα regions.
The near-UV spectra are from HST Faint Object Spectrograph (FOS) for the RLQ and PGX subsamples over several cycles. For the FUSE-HST sample, the spectra are from Space Telescope Imaging Spectrograph (STIS) Snap programs (Kriss 2000) . Most of these UV spectra were obtained quasi-simultaneously (within weeks) with our optical spectra to reduce the uncertainty caused by their intrinsic variability. The standard flux calibration are very good and are usually consistent with our optical data (Shang et al. 2005 (Shang et al. , 2007 . The typical flux density uncertainty is less than 5%.
Far UV
While the far-ultraviolet (FUV) portion of the SED is relatively narrow, it is of great interest for several reasons. The turnover and energy peak of the optical-UV "big blue bump" is in or near the FUV. This portion of the SED is the part we can observe in most quasars that is closest to the peak of the ionizing continuum. The ionizing continuum powers emission lines that have been used to estimate black hole masses and probably also drives high-velocity outflows that interact with the environment.
We provide FUV data when available. High-resolution observed-frame FUV spectra, from 905-1187Å, is available from FUSE (Moos et al. 2000) for a fraction of our sample, primarily the FUSE-HST subsample (17 objects). Shang et al. (2005) provide details about the FUSE data of this subsample and cite additional related technical material about FUSE.
There was also a FUSE program specifically targeting the PGX sample but most of these objects turned out to be too faint for FUSE. In addition to the FUSE-HST sample, the FUSE archive does have observations of several additional quasars in our sample, good enough for SED purposes: 3C 263, PG 1116+215, PG 1216+069, PG 1402+261, PG 1415+451, PG 1440+356, PG 1626+554, and these data are included in the same way as in Shang et al. (2005) . All 24 objects with FUSE data and their rest-frame wavelength coverage in FUSE are listed in Table 8 .
Our sample with FUSE data will be biased to lower luminosity, lower redshift objects, typically bright Seyfert 1 galaxies. Higher redshift quasars will fortunately have the rest-frame FUV redshifted to longer wavelengths observable with HST, so this bias is not very significant.
X-ray
The X-ray data are collected from Chandra, XMM and ROSAT sources reported in the literature. Because of their higher sensitivity and broader energy coverage, we always choose Chandra and XMM data when available; otherwise, we resort to ROSAT. We have a total 71 objects with X-ray information, 34 from ROSAT data.
For individual X-ray studies of AGNs, the data are usually fitted with different models and components to reveal detailed X-ray properties. Sometimes the models are very complicated, but for the purpose of SED work, we focus on the overall shape of the energy distribution in this region, therefore, we try to choose the simplest, best fitting models. This includes either a single power-law or a broken power-law. In addition to individual studies, we also obtained the results of 3 objects from the Chandra Source Catalog (CSC, Evans et al. 2010 ).
The spectral indices and flux densities from different studies have been converted to a uniform system for consistency, f ν = f 0 E α , where f 0 is the flux density at 1 keV, in units of erg s −1 cm −2 Hz −1 , E in keV, and α is the power-law (or broken power-law) spectral index. The results are listed in Table 9 along with the references.
In order to obtain the SED in the X-ray domain, we re-build the power-law or broken powerlaw "spectra" using the spectral index α and f 0 within the instrument-related energy ranges in the observed-frame. A sampling of 0.1 keV is enough to show the X-ray SED shape. We also use the errors of α to estimate the uncertainty of the X-ray SEDs.
CORRECTIONS AND MEASUREMENTS

Near-Infrared Host Galaxy Corrections
Most of our objects are UV-optical bright quasars and the host galaxy contamination to the AGN light is not large. When possible, we have tried to estimate the host galaxy contribution using photometry at H-band, where, due to typical SED shapes of galaxies and quasars, the fraction of host galaxy contribution may be maximized in contrast to AGN light at the redshifts around 0.5 (see Fig. 1 in McLeod & Rieke 1995) and is easier to detect.
For 33 sample members we have made our own observations, or used those from the literature, in order to determine the H-band host galaxy fractions. These are given in Table 6 . Our IRTF observations (5 objects), as well as those of McLeod & Rieke (1994a,b, 17 objects) used ground-based telescopes, long exposure times, and were obtained with seeing of 1-2 arcseconds. In general, infrared imaging is done by mosaicking together large numbers of short exposure time images of the object on different positions on the chip. We reduced our data, generally 30 minute exposures on target, using the DIMSUM task inside IRAF. We determined our host-galaxy fractions using a similar one-dimensional analysis procedure to that of McLeod & Rieke (1994a) . This includes fitting a standard star observed just before or after the target to the one-dimensional surface brightness profile. Minimal and maximal subtraction of standard star PSFs indicates an uncertainty in this part of the procedure of just a few percent, which is small compared with other systematic uncertainties.
We observed an additional 7 higher redshift sample members with NICMOS on HST with H-band, and supplement these with 4 more similar observations by McLeod & McLeod (2001, two of these superseding results from McLeod & Rieke 1994b) . For the sharper and more regular HST images, two-dimensional PSF fitting is possible. Our observations of the targets were for one orbit each and we also observed a standard star for each target. We used GALFIT (Peng et al. 2002) to fit the PSF to each image, along with several galaxy models (e.g., exponential disks and appropriately constrained Sersic profiles), and took the results from the best fit. The different methods provided host galaxy fractions consistent to a few percent or better, again more than adequate for SED work.
We choose the 2MASS aperture magnitude (Table 5 ) as the total magnitude of an AGN and its host. It is straightforward to correct the H-band host galaxy contamination once we have the measured host fraction in H-band. To correct J and K band magnitudes for host galaxy contamination, we subtracted an appropriately scaled and redshifted elliptical galaxy template (NGC 584 from Dale et al. 2007 ) from the 2MASS aperture photometry. Table 7 gives the final AGN J, H, and K magnitudes used for the SEDs. For the 33 objects with detailed host galaxy corrections, the corrected magnitudes are listed. For the rest of the objects, the 2MASS PSF magnitudes (profile fitting magnitudes) are used.
The red part of the optical spectra may also be affected by the host contamination, although not as much as in the NIR. We also tried to remove the host contribution when extracting the spectra as described in §3.5.
Galactic Reddening Correction
The FUV-to-optical spectra suffer from Galactic dust extinction. We corrected this with an empirical mean extinction law (Cardelli et al. 1989) , assuming R v = A V /E(B − V ) = 3.1, a typical value for the diffuse interstellar medium. E(B − V ) is obtained from NED 2 based on the dust map created by Schlegel et al. (1998) .
The FUV-UV-optical spectra are combined first before applying the Galactic reddening correction. The FUV spectra from FUSE extend below 1000Å, which the Cardelli et al. (1989) extinction curve does not cover. Shang et al. (2005) has shown a short extrapolation of the extinction curve below 1000Å is acceptable, and we use the same technique here.
Measurements
We have made detailed measurements of all the spectral properties (continua and emission lines), which need further analyses and will be presented in a separate paper. Here, we briefly describe the measurements and derived quantities related to this work. These quantities are listed in Table 1 .
Redshift
Since all our objects have high-quality UV-optical spectra, we used the optical narrow line [O iii] λ5007 to define the rest frame of each object, and double-checked against other strong narrow emission lines. The centroid of [O iii] λ5007 is obtained by fitting this spectral region with a powerlaw for the local continuum and Gaussian components for different emission lines simultaneously (see Shang et al. 2005 Shang et al. , 2007 , for details). We can reach a redshift accuracy of 0.0002 for most objects.
When [O iii] λ5007 is weak or missing from our spectral coverage for some objects, we have obtained the redshift from NED as an initial guess in our spectral fitting, checked against the fitted centroids of other available strong emission lines, and made corrections when needed. The redshift uncertainty in this case is about 0.001, sufficient for SED work.
Radio Loudness
The traditional definition of radio loudness R is the ratio of rest-frame flux density at radio 5 GHz to that at optical 4400Å, R = f (5GHz)/f (4400Å), and R = 10 separates RL and RQ objects. We use f (4215Å), instead of f (4400Å), because this local continuum is well defined (see §5.2) in our spectra and it makes little difference in calculating R. To obtain f (5GHz), we have interpolated for most objects using two radio measurements embracing 5 GHz (rest-frame) in frequency. For radio-quiet objects, there is usually only one measurement around 5 GHz in observed-frame, we therefore assume a flat spectral index (in f ν ) and take the value as rest-frame f (5GHz) as well. Since all RQ objects have z < 0.5, this will not cause a big error, especially when using R to distinguish RL and RQ quasars.
Luminosity
The continuum luminosity is given as λL λ (3000Å), measured at 3000Årest frame wavelength, and assuming a flat ΛCDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3 and Ω Λ = 0.7. If desired, an average multiplicative correction factor of 5, taken from Richards et al. (2006, Fig. 12) , can be applied to λL λ (3000Å), to estimate the bolometric luminosity. Other more refined theoretical bolometric corrections can also be adopted from Nemmen & Brotherton (2010) .
We measure the bolometric luminosity for our individual quasars in various ways and report the results in a forthcoming paper (Runnoe et al. 2011 ). On average, the bolometric luminosities are very similar to 5λL λ3000 . There are a number of issues to consider in making bolometric corrections and caution is advised.
SEDs
SEDs for Individual Objects
With multi-wavelength data in hand, it is very straightforward to combine the data to build the SEDs for individual objects (Fig. 4) . FUV-to-optical spectra are rebinned in the observed-frame to a lower resolution, but not so much that the emission-line features are degraded too much. The bin size is 10Å, corresponding to 1000km s −1 at 1000Å, and 500km s −1 at 6000Å. Our Spitzer IRS mid-IR spectra have low resolution and sampling of 0.02µm, so we retain this sampling in the SEDs without invoking further rebinning. The re-built X-ray spectra have a sampling of 0.1keV( §3.7).
When we combined FUV-UV-optical spectra, we scaled data to photometric nights or HST observations (Shang et al. 2005 (Shang et al. , 2007 . When photometric spectra overlapped, the agreement was better than 5% (e.g. between ground-based and HST spectra, as well as inter-compared optical spectra).
We present the data in f ν vs. frequency (Hertz) and convert the flux density in each waveband to the same units of mJy (10 −26 erg s −1 cm −2 Hz −1 ). After combining all the data, we apply a redshift correction to obtain the rest-frame SEDs. Only wavelength and frequency are shifted to the rest-frame and the flux densities are left unchanged from the observed-frame.
As shown in Figure 4 , while we try to collect a uniform data set as much as possible, not all objects have data in all wavelength bands except for the UV-to-optical. Table 3-9 gives further information.
Composite SEDs of RL and RQ Objects
One of the main motivations of this study is to update the mean quasar SEDs of Elvis et al. (1994) using data from modern telescopes of higher sensitivity and better resolution.
We divided the sample into radio-loud and radio-quiet samples. For each sample, we first normalized the flux density of each object at rest-frame 4215Å where, after visual inspection of all spectra, there seems to be no strong emission features. The actual normalization factor is the mean flux density within 30Å around 4215Å. The bandpass is chosen to be small, to avoid emission features, and large enough to minimize the noise in calculating the mean. For seven higher redshift radio-loud objects, their rest-frame spectra do not cover 4215Å. We therefore normalize them at 2200Å, another continuum region, to a composite spectrum built with all spectra normalized earlier at 4215Å in the same sample. The normalization factor is derived from the mean flux density within 50Å around 2200Å in this case.
After normalization, we visually check the distribution of all the points from all objects and define the final bins in each waveband for calculating the composite SEDs. Each bin contributes one point in the final composite SED and the central frequency of each bin represents the final frequency of that point in the SEDs.
For each waveband with photometric points (radio, FIR, NIR), we locate a logarithmic frequency range (rest-frame) to enclose all points and then define a few bins with equal bin size within the range. Since radio data span a large frequency range, sometimes there are obvious gaps in the distribution. In such cases, we define more than one frequency range to avoid the gaps and still try to keep similar bin size across the ranges. Figure 5 shows an example of defining bins for the RL sample.
For spectroscopic data (UV-optical, MIR, X-ray), it is easy to define consecutive bins with the same bin size. The bin size is chosen to have enough points in each bin for statistical significance and still be able to preserve the emission features. Table 10 lists the parameters we use to define the bins for each waveband.
After having defined the bins for a sample of interest, we rebin the data to obtain one single value for each bin. This is mostly necessary for spectroscopic data, and this is done for each object separately so that all objects with available data will have equal weights in building the composite SED. Two RQ objects have upper limits in the highest radio frequency bin and six objects each for RL and RQ samples have upper limits in the MIPS 160µm band. They are included in the median combining process but none of the upper limits has a flux higher than the median value in the corresponding bin, therefore their uncertainty does not affect the composite SED. This median combining is very effective in rejecting outliers and preventing any extreme objects from dominating the final SEDs. We therefore also refer to our composite SEDs as median SEDs. Finally, if one bin has less than 8 points (i.e., objects), we exclude this bin from the median SED. Figure 6 shows our median SEDs for RL and RQ samples.
Discussion
We try to keep all the original data in building the SEDs of individual objects. The only change is the re-sampling of the UV-optical spectra to 10Å resolution by rebinning. Although we lose some useful information (e.g. resolving narrow emission lines), this does not affect the SED work at all.
In constructing the composite SEDs, we applied rebinning again mostly for spectroscopic data. We did not apply any smoothing or interpolation in regions with real data, which could introduce systematic biases. The features in our median SEDs are real.
At the edges of some wavebands, the number of objects with data drops sharply (Fig. 6, middle), and our method of using median to build the composite SEDs can help to some extent in the small number statistics. We also visually check to ensure that the SEDs are reasonably smooth in those regions. Figure 7 overplots our median SEDs of RL and RQ samples, normalized at 4215Å during the construction. The SEDs from FIR to UV are very similar for RL and RQ, especially in the UVoptical region. This is only true for the UV-optical continuum, because emission lines, such as Fe ii and [O iii], are known to strongly correlate with radio loudness in the Eigenvector I relationship (Boroson & Green 1992 ). We will investigate the relationships between SEDs and emission line properties in a future paper.
RL vs. RQ
The biggest difference between RL and RQ median SEDs is in the radio, where luminosity could differ by 3 orders of magnitude. There is also an obvious difference in the X-ray, where the RL objects are more X-ray luminous. This correlation between radio and X-ray luminosity has been reported in previous studies (e.g., Brinkmann et al. 2000; Polletta et al. 2007 ).
During the construction of the median SEDs, we have also defined 6 bins in the radio for the RQ sample (Table 10) , however there are not enough objects (≥ 8) in 4 of the bins. Therefore, there are only two points good enough to be included in the final radio SED of RQ sample. Given the big difference in the number of objects involved in these two bins (Fig. 6) , the apparent steep RQ spectral index, if defined using the two points, may not be reliable.
Our RL sample has more objects with higher redshifts than the RQ sample (Fig. 1) . We therefore build another median SED of RL objects only with redshift less than 0.5 (21 objects), similar to those in the RQ sample. Comparing this and the SED of the entire RL sample (Fig. 7) , we find that the only notable difference is in the radio where the low-z subsample shows a less luminous radio SED, but radio spectral index seems similar. The difference is probably real because of sample properties -high-z RL objects are more luminous in radio, but the differences between the RL and RQ samples are still much more prominent. Elvis et al. (1994) use 47 objects to build the mean SEDs (MSED94) for RL and RQ objects. There are 11 objects in common with our sample, including 6 RL and 5 RQ objects. We compare our median SEDs of RL and RQ quasars (Fig. 6 ) with MSED94. The overall shape of the SEDs over the entire available frequency range is similar, but there are more detailed features in our new SEDs.
Comparison with E94 Mean SEDs
We specifically keep all the emission features in the UV-optical region because they are real spectral features and our data quality allows us to keep them. The underlying continuum shapes in this region look similar to those of MSED94. We note that our UV-optical SEDs extend to shorter wavelength beyond 1000Å, and start to turn over, indicating the peak of the "big blue bump" (e.g., Zheng et al. 1998; Shang et al. 2005) . This is especially obvious in our RL median SED where we have more higher redshift objects.
In the MIR, the broad silicate emission features around 10 and 18µm are prominent in the SEDs. These could not otherwise be reproduced without the unprecedented spectral data from Spitzer IRS. To the shorter wavelength of these features, a well-defined power-law rises up to about 4µm, the IRS detecting limit for our sample in the rest-frame. However, the well-known inflection around 1µm is also well defined by the red optical spectroscopy and NIR 2MASS photometry. It is therefore very clear that somewhere between 1 and 4µm, there is an infrared bump, which is further supported by the fact that the NIR K-band data point starts to rise toward MIR in both RL and RQ SEDs. Other studies have suggested that there is a 3µm bump, resulting from the hottest dust in AGNs (Netzer et al. 2007; Hiner et al. 2009 ).
Although MSED94 have a lot of upper limits in the FIR from IRAS while we use the latest Spitzer MIPS data, the SEDs agree surprisingly well for RQ sample in the FIR and extending to the radio.
For the RL sample, it is expected that our Spitzer data define a better FIR SED, which falls more steeply toward longer wavelengths. Our radio SED is more luminous than that of MSED94, simply because there are more radio-luminous objects in our sample. Richards et al. (2006) We compare our SEDs with those of Richards et al. (2006, hereafter R06) in Figure 8 . R06 has provided the broadest frequency coverage, from Far-IR to X-ray, in recent SED studies, and their sample of 259 SDSS quasars extends to higher redshift and higher luminosity than ours. They constructed the SEDs using photometry points, including 5 SDSS magnitudes and 4 Spitzer InfraRed Array Camera (IRAC) flux densities, supplemented by available GALEX f and n bands, J, H, and K, the ISO 15 µm band, and the Spitzer MIPS 24 and 70 µm bands. When objects do not have measurements in the supplemental bands, they used Elvis et al. (1994) SEDs and their "gap repair" technique to estimate the missing values. Their X-ray fluxes were obtained from ROSAT detections. When no detection is available, they estimated the X-ray flux using the 2500Å flux and the tight L U V (2500Å)-L X relationship (Strateva et al. 2005) . They have only 8 radio-loud quasars, so the final SEDs are essentially for radio-quiet quasars. Therefore, we only compare our radio-quiet SED with theirs, but plot both of our RL and RQ SEDs in Figure 8 for completeness. We further choose to compare only with their two SEDs constructed with optically red and blue halves of their sample, and their mean SED would lie between the two.
Comparison with Quasar SEDs of
Our SEDs show relatively much higher X-ray emission, indicating that our sample (and that of Elvis et al. (1994) ) is not representative of the SDSS quasars in this region and probably does not follow the L U V (2500Å)-L X relationship found in SDSS quasars (Strateva et al. 2005 ). In the Far-IR to near-IR region, the overall shape and trend seem to match very well, but ours have more detailed features.
Although the SEDs are normalized at 4200Å (Fig. 8) , their shapes also match well over most of the UV-optical region. Only at the two ends, our SED show optical redder and UV brighter. This implies the different sample properties, because our objects are mostly UV-bright quasars and are probably redder in the i band compared with R06 sample. Many objects in the R06 sample have much higher redshifts and luminosity than ours, but we do not have enough information to address any possible evolution or luminosity-dependent effects in quasar SEDs by comparing them. Figure 9 shows the comparison between our SEDs from Far-UV to Mid-IR and other quasar composite spectra, including the HST ultraviolet composites (Telfer et al. 2002) , the composite from Sloan Digital Sky Survey (SDSS, Vanden Berk et al. 2001) , and a Near-IR composite of 27 SDSS quasars (Glikman et al. 2006 ).
Comparison with Other Quasar Composites
The HST composites extend beyond the FUV part of our SEDs to the extreme-UV (EUV), revealing the EUV peak more clearly. In the overlapping region, our SEDs are in good agreement with the HST composites although the radio-quiet HST composite drops a little steeper at higher frequency. The SDSS composite includes both radio-loud and radio quiet objects and is consistent with our SEDs between about 1200 and 4500Å. The increased flux at the red part of the SDSS composite is partly due to host galaxy contamination at low redshift, while the blue part beyond Lyα should be ignored because of Lyα forest contamination. The NIR composites of radio-loud and radio-quiet samples show little difference in Glikman et al. (2006) . We use the composite of their entire sample and its optical part matches our SEDs well. Its NIR region shows the 1µm inflection as expected, and the overall shape connects our MIR and optical SEDs surprisingly well. Although our NIR points are located a little lower than the composite, the continuum trends are consistent.
Uncertainty and Caveats
As in all previous quasar SED studies (e.g.,E94; R06 ), the dispersion of the mean or composite SEDs is large. The dispersion of our median SEDs can be evaluated in Fig. 6 , where population standard deviations of all rebinned points in each bin are plotted at the bottom. Because we normalized the individual SEDs at 4215Å, the dispersion is minimized in the optical and increases toward both low and high frequencies to about 0.6 (dex) in radio and X-ray. Even in the NIR to UV region, the standard deviation increases rapidly away from the normalization wavelength.
We also show the dispersion in Figure 10 , where we plot all data from normalized SEDs of individual objects and the median SEDs built from them. The actual difference between the individual SEDs can be more than 2 orders of magnitude. Even in the NIR to UV, the difference is still more than one order of magnitude. These all indicate the large variation of quasar SEDs.
We note a caveat that the NIR host galaxy corrections may have a large uncertainty ( §4.1, Table 6 ), because the H-band host galaxy measurements with ground-based infrared data may be somewhat inherently uncertain. The host galaxy fractions from HST observations (McLeod & McLeod 2001 , and our own observations)are systematically smaller than those from ground-based observations (McLeod & Rieke 1994a,b , and our IRTF data). Two objects have both groundbased and HST H-band observations and show revised lower host galaxy fractions from HST data (Table 6) , with PG 1322+659 from 43% to 22%, and PG 1427+480 from 45% to 26%, respectively. In addition, although the same technique was used in estimating the host galaxy fraction with all ground-based data, host galaxy fractions from McLeod & Rieke (1994a) and our IRTF data seem to be systematically higher than McLeod & Rieke (1994b) by about 20%. Some SEDs show discrepancy between NIR broad-band points and optical spectra (Fig. 4) , indicating possible oversubtraction of host galaxy contributions. Readers should be aware of this issue when using data of this region for their own applications.
Our sample is heterogeneous, and there is the possibility that the sample may be biased. Jester et al. (2005) pointed out that BQS quasars are representative of bright blue quasars, but not representative of bright red quasars. Since our sample involves many PG quasars, it is possible that we might be missing some red quasars, and therefore the SEDs are not truly representative of all UV-bright quasars. If this is true, it will affect the spectral index in the optical region. This does not seem to be a serious problem, however, because our SEDs do not show a drop off in the red part of the optical region when compared with the SEDs of R06 (Fig. 8) . Moreover, even for the distinguished blue and red quasars in R06, except for the different spectral indices in the optical, their mean SEDs are very similar (see Fig. 8 , or their Fig. 11 ), the largest difference in log(νf ν ) is about 0.1 dex, significantly smaller than the dispersion of either R06 or our composite SEDs. Therefore, the large variation of individual quasar SEDs is still the dominant factor for the uncertainty of the composite SEDs.
SUMMARY AND FUTURE WORK
We have compiled SEDs for 85 quasars using high-quality multi-wavelength data from radio to X-ray energies. The data were obtained from the next generation space telescopes and groundbased telescopes. Using these data, we have constructed composite (median) SEDs for radio loud and radio quiet quasars. This work is an update on the mean SEDs built by Elvis et al. (1994) with about twice as many objects. On our website 3 and the online version of the Journal, we make the electronic version of the median SEDs available for public use. We caution again that, because of the large variation in quasar SEDs, any composite SEDs should be used with care. Our composite SEDs are representative only for UV-optical bright quasars. The RQ median SED is constructed from low-redshift (z < 0.5) objects, while the RL median SED comes from objects of redshift up to 1.4.
We also plan to investigate the multi-wavelength data of individual objects. We have measured all the spectral parameters of the entire sample and the work will be presented in a separate paper. We will be able to obtain the bolometric luminosities from real data and investigate the bolometric corrections associated with spectral properties, such as continua or emission features. We have also planned to investigate how the quasar SED varies with different physical parameters such as black hole mass and Eddington ratio. The multi-wavelength data will help us to better understand the quasars. A series of papers based on this data set are forthcoming. Fig. 1 .-Distributions of sample properties for radio-loud and radio-quiet sub-samples. Shaded bins are for radio-loud objects. Fig. 2. -Examples of our collected data for two objects. Also marked are the wavebands and some instruments used to obtain the data. Elvis et al. (1994) , normalized at about 4000Å. Middle: Number of objects used to construct the SEDs in each wavelength bin marked with a small square. There are no data outside the bins. Bottom: Standard deviation around the mean in each wavelength bin. The data of the median SEDs are available in the online version of the Journal. Richards et al. (2006) which are essentially for the radio-quiet quasars since there are only 8 radio-loud objects involved. The red and blue lines are for the optically red and blue halves of the population, respectively. The SEDs are normalized at 4200Å. Fig. 9 .-Median SEDs from FUV to MIR for our sample (black) compared with other quasar composite spectra, including the HST ultraviolet composites (blue, Telfer et al. 2002) , the SDSS composite (green, Vanden Berk et al. 2001) , and an NIR composite of 27 low-redshift SDSS quasars (red, Glikman et al. 2006) . The SDSS and NIR composites do not distinguish radio-loud or radioquiet objects. All composites are normalized at 4200Å. b From NED (http://nedwww.ipac.caltech.edu/) based on Schlegel, Finkbeiner, & Davis (1998) .
c Radio loudness, R = f (5 GHz)/f (4215Å), calculated using our data ( §4.3.2).
d Rest-frame luminosity at 3000Å, calculated using our data ( §4.3.3). Table 3 is published in its entirety in the electronic edition of ApJS. A portion is shown here for guidance regarding its form and content. Table 5 . Near-IR JHK Magnitudes from 2MASS a Frequency ranges in Log(Hz).
b Number of bins in the range.
c Bin size in Log(Hz), ∆ν = (ν2 − ν1)/Bins.
